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Abstract We reduced the observational logarithmic 
space densities in the vertical direction up to 8 kpc 
from the galactic plane, for stars with absolute magni- 
tudes (5,6], (6,7] and [5,10] in the fields #0952+5245 
and SA114, to a single exponential density law. One 
of three parameters in the quadratic expression of the 
density law corresponds to the local space density for 
stars with absolute magnitudes in question. There is 
no need of any definition for scaleheights or population 
types. We confirm with the arguments of nondiscrete 
thin and thick discs for our Galaxy and propose a sin- 
gle structure up to several kiloparsecs from the galac- 
tic plane. The logarithmic space densities evaluated by 
this law for the ELAIS field fit to the observational ones. 
Whereas, there are considerable offsets for the logarith- 
mic space densities produced by two sets of classical 
galactic model parameters from the observational ones, 
for the same field. 

Keywords Galaxy: structure - Galaxy: fundamental 
parameters - Galaxy: stellar content 



1 Introduction 

For some years, a disagreement exists among the re- 
searchers about the formation history of our Galaxy. 
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Yet there has been a large i mprovement about this topic 
since t he pioneering work of Eggen. Lvnden-Bell fc Sandage^ 
(1962) who argued that the Galaxy collapsed in a free- 
fall time (~ 2 x 10 s yr). We k now that the Galaxy 
collapsed over many Gyr (e 



Norris. Bessell. fc Pickles 1985 



1991 



1SI 

1987; Carney. Latham fe Lairdl 199(i Norris fc Rvan 



Yoshii fe Saio 197S; 



Norrisll986HSandage fc Fo utsl 



Beers fc Sommer-Larsen Il995l ) and at least 



some 



of the components are formed from the merger or accre- 
t io n of numerous fragments, such as dwarf type galaxies 
(cf.lSandage fc Fouts 1987 : lFreeman fc Bland-Hawthorn | 



200 



3, and references therein). Also, the number of 



population components of the Galaxy increased by 
one, complicating interpretations of any data set. The 
new component (the thick disc) was introduced by 
Gilm ore fc Reidl (|l983h in order to explain the obser- 
vations that star counts towards the south galactic 
pole were not in agreement with a single-disc (thin- 
disc) component, but rather could be much better 
represented by two such components. This was the 
simplest combination of free parameters giving a sat- 
isfactory fit, and simplicity can play a major role 
in astrophysical fit s. Different par a meter ization fol- 
lowed t he work of iGilmore fc Reidl (1983). For ex- 
ample, Kuijken fc Gilmore ( 1989h showed that the 
vertical structure of our Galaxy could be best ex- 
plained by a multitude of quasi-isothermal compo- 
nents, i.e. a large number of sech 2 isothermal discs, 
together making up a more sharply peaked sech or 
ex ponential distribution. Also, we quot e the work 



of Ide Grijs. Peletier fc van der Kruitl (|1997I ) who made 
clear that in order to build up a sech distribution, one 
needs multiple components. Finally, we quote our work 
( Karaalil2006h where the galactic structure were param- 
eterized by two exponentials up to z ~ 10 kpc, covering 
thin disc, thick disc and inner halo. 

Although different parameterizati on were tried by 
many researchers, only the one of Gilmore fc Wvsel 



2 



(|1985| ) which is based on star counts estimation for thin 
disc, thick disc and spheroid (halo) became as a com- 
mon model for our Galaxy, and used widespread with 
improving the parameters, however. In other words, 
the canonical density laws are as follows: 1) a parame- 
terization for thin and thick discs in cylindrical coordi- 
nates by radial and vertical ex ponentials and 2 ) a pa- 
rameterization for halo by the de Vaucouleursl ( 19481 ) 
spheroid. The thin disc dominates the small z dis- 
tances from the galactic plane with a small scaleheight, 
whereas the thick disc extends to larger z distances with 
larger scaleheight. In some studies, the range of val- 
ues for the parame ters is large, espec ially for the thick 
disc. For example, Chen et all <|200lh and Siegel et al 



(2002) give C.5-13 and 6-10 per cent, respectively, for 
the relat ive local dens i ty for the thick disc. In the 
paper of iKaraali et alJ (|2004h . we discussed the large 
range of these parameters and claimed that galactic 
model parameters are absolute magnitude dependent. 
We showed that the range of the model parameters esti- 
mated for a unique absolute magnitude interval is con- 
siderably smaller. 

It is true that the kinematical and metallicity struc- 
ture of two regions in our Galaxy is different. Par- 
ticularly, high metallicity stars lie relatively closer to 
the galactic plane than with low metallicity stars. 
Also, kinematical dispersions of these stars are smaller 
than the stars which occupy the distant regions of the 
Galaxy. Does that mean, above described differences 
suggest the separation of the Galaxy into different pop- 
ulations such as thin and thick discs? iNorrisI (|l987l ) pro- 
posed a Galaxy model which does not assume that thin 
and thick discs are discrete components, but instead 
form a kinematical and chemical continuum. Stars 
traditionally associated with the thick disc belong to 
an "extended" disc (in terms of spatial distribution)in 
Norris' terminology, and represent an extreme tail of 
metallicity and ki nematic distribution. In the work of 
Ivezic et al. ( 20081) , the absence of a correlation between 
the observed velocity and metallicity distribution for 
disc stars represents a major problem for the interpre- 
tation of vertical velocity and metallicity gradients as 
being due to a varying linear combination of two fixed 
distributions. These authors argue that their results 
appear r oughly consis tent with Norris' propo sal. The 
works of Norris ( 1987 ) and Ivezic et al. ( 20081 ) are two 
examples, where discreteness of the thin and thick discs 
are discussed. 

The studies cited in the previous paragraph encour- 
aged us to propose a density law with three parameters 
without separating the Galaxy into different compo- 
nents. The procedure followed in this work is differ - 
ent than the previous study presented (jKaraalil 120061 ) . 



Here, for the sake of simplicity, only vertical space den- 
sities were used. However, we shall cover radial density 
variations in near future. 

In Sections 2 and 3, the canonical density law forms 
and the new density law are discussed. The calibration 
of the newly defined galactic model parameters for the 
new density law is given in Section 4. In Section 5, 
the new density law is tested on the space densities of 
a different field. Section 6 provides a discussion and 
finally a conclusion is given in Section 7. 



2 The canonical density law forms 

Disc structures are usually parameterized in cylindrical 
coordinates by radial and vertical exponentials, 



Di(x, z) = ni exp(—z/Hi) exp[-(ai - R )/hi] 



(1) 



where z is the distance from galactic plane, x is the 
planar distance from the galactic center , Rp is the solar 
distance to the galactic center (8 kpc, Reid 19931 ). Hi 
and hi are the scaleheight and scalelength respectively, 
and rii is the normalized local space density. The suffix 
i takes the values 1 and 2, as long as thin and thick 
discs are considered. A similar form uses the sech 2 (or 
sech) function to parameterize the vertical distribution 
for thin disc, 



Di(x, z) = TiiSech 2 (z / Hi) exp[— (x — R )/hi 



(2) 



Because the sech function is the sum of two expo- 
nentials, H i is not really a scaleheight, but, it has 
to be comp ared to Hj by multiplying it with 2: 
ffi = H',/2 (Ivan der Kruit fc Searld fl981alTbl . ll982 aUbl; 



van der Kruit 



198 



However, in order to build up 
such a distribution, one needs multiple components 



dKuiiken fc GilmoreMl989 : Ide Griis. Peletier fc van der K ruitj 



19971) . 

The density law form for the spheroid (halo) com- 
ponent is para meterized in dif f erent forms. The most 
common is the de Vaucouleursl ( 19481) spheroid used to 
describe the surface brightness profile of elliptical galax- 
ies. Thi s law has bee n deprojected into three dimen- 
sions by Young! ( 1976 ) as 



D S {R) = n s exp[-7.669{R/R e ) 1/4 ]/(R/R e ) 7/8 , 



(3) 



where R is the (uncorrected) galactocentric distance 
in spherical coordinates, R e is the effective radius and 
n s is the normalized local space density. R has to be 
corrected for axial ratio k = c/a, 



R 



(z/k 



A 2ll/2 



(4) 
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where, 

x = [R 2 + (z/tano) 2 - 2R a (z/ tan 6) cos Z] 1/2 , (5) 

6 and / being the galactic latitude and longitude, re- 
spectively, for the field under investigation. 
An alternative formulation is the power law, 

D s {R)=n s /{a n +R n ), (6) 

where ao is the core radius. 

If one restricts the work to the vertical direction, 
then the third factor in Eqs. (1) and (2) can be ne- 
glected. 

3 A unified density law for the thin disc, thick 
disc and halo 



D{z) = exp[-(aiz + ao)], (8) 

where a\ = 1/H and n = exp(— ao). The parameter 
ao is constant due to its definition. However, we let a± 
which is defined as the reciprocal of the scaleheight H 
in situ, to change with z-distance. Hence, we assume 
that the scaleheight changes continuously rather than 
as a step function. This is the main difference between 
the arguments of our work and the ones in situ. 

When we examine Eq. (8), we see that the space 
density in vertical direction changes exponentially as 
a linear function of z. We consider a quadratic func- 
tion of z could be better matched to observational data. 
Hence, we obtained the final density law by adding a 
quadratic term to Eq. (8): 



As already mentioned in Section 1, the introduction of 
the thick disc component into the studies was in order 
to better representation of the observed star counts in 
the south galactic pole. However, the metallicities and 
kinematical data of thin and thick discs overlap. This 
is contradictory to the arguments related to two dis- 
crete components. What we mean, when we restrict 
our work to vertical direction by canonical approach, is 
the space density which decreases by amount equivalent 
to exp(— 1) at each distance adopted for the thin disc 
up to a ^-distance from the galactic plane where the 
thin disc is dominant. Whereas where thick disc domi- 
nates, the space density decreases with smaller gradient 
at larger z-distances. 

Thus, two components such as thin and thick discs 
were arbitrarily adopted just to fit the observational 
data, up to a few kpc. Then, we can approach in a 
similar way, i.e. we can introduce a density law which 
fits to the observational data up to a distance from the 
galactic plane, without defining any population type, 
however. Also, there are some indications that, a sig- 
nificant fraction of material with [Fe/H] < — 1 dex has 
disc like structure ( Norrisl 1986h . Hence, we expect a 
larger ^-distance interval for the new density law we 
propose in the following. 

Our new density law covers the canonical density 
law, for densities in the vertical direction and it contains 
no constant scaleheight. In the vertical direction, the 
density law form for thin and thick discs takes the form 
as, 



D(z) = exp[-(a 2 z 2 + a\z + ao)]. 



(9) 



D(z) = nexp(—z/H). 
which can also be written as, 



(7) 



For the estimation of the coefficients dj (i=0,l,2), the 
following procedure was adopted. Eq. (9) is written in 
logarithmic form: 



a 2 z +aiz + a 



■ In D{z). 



(10) 



Here , we used Hipparcos' local space density ( Jahreiss fc Wielen^ 
19971) for a specific absolute magnitude interval Mi — 
M 2 and a sequence of observed D(z) space densities 
and estimated the corresponding coefficients. 



4 Estimation of the parameters in the new 
density law 



The E q . (10) applied to the data taken from Karaali et al.^ 
( 2004T ). The first set were evaluated for stars with ab- 
solute magnitude intervals (5,6] and (6,7], for the field 
#0952+5245 (Table 1), whereas the second set covers 
the space densities for a unique absolute magnitude 
interval for stars with absolute magnitudes (5,10] for 
the field SA 114 (Table 2). Here, D* = logD + 10, 
D = N/AV l<2 ; AVi,a = (tt/ 180) 2 (A/ '3) (rf - rf); A de- 
notes the size of the field; r± and r 2 denote the limiting 
distance of the volume AVi j2 ; N denotes the number of 
stars in this volume; and z* — r* sin(6), is the vertical 
distance of the centroid of the volume AV1.2 where b is 
the galactic latitude of the field and r* the distance of 
the centroid in the line of sight. The logarithmic space 
densities D* = 7.47 in Table 1 and D* = 7.52 in Table 
2 were evaluated by the Hipparcos' local space density 
( Jahreiss fc Wielen|[l997l ). 
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Table 3 Distance-to the galactic plane- dependant a, (i=Q, 1, 2) parameters for different samples of absolute magnitude 
intervals (5,6] and (6,7] for the field #0952+5245. 









(5,6] 










(6,7] 




Sample No < z* > 


z* D* 






Sample No < z* > 


z* D* 






1 


1.53 


0.00 7.47 


a 2 = 


-0.3705(0.0034) 


1 


1.19 


0.00 7.47 


a 2 = 


-0.6180(0.0026) 






0.86 6.47 
1.48 5.90 


ai = 
a = 


2.9923(0.0077) 
5.8262(0.0034) 






0.61 6.62 
1.10 6.08 


ai = 

a = 


3.5886(0.0050) 
5.8251(0.0020) 






2.25 5.36 










1.86 5.50 






2 


2.24 


0.00 7.47 


Cl2 = 


-0.3095(0.0305) 


2 


1.85 


0.00 7.47 


a 2 = 


-0.4710(0.0761) 






1.48 5.90 


ai = 


2.8734(0.0922) 






1.10 6.08 


Ol = 


3.3561(0.2026) 






2.25 5.36 


a = 


5.8315(0.0601) 






1.86 5.50 


a = 


5.8338(0.1136) 






2.99 4.93 










2.59 5.05 






3 


2.99 


0.00 7.47 


a-2 = 


-0.2546(0.0105) 


3 


2.58 


0.00 7.47 


a-2 = 


-0.3040(0.0453) 






2.25 5.36 


ai = 


2.7246(0.0384) 






1.86 5.50 


ai = 


2.2685(0.1502) 






2.99 4.93 


a = 


5.8271(0.0296) 






2.59 5.05 


a = 


5.8329(0.1076) 






3.73 4.59 










3.34 4.62 






4 


3.79 


0.00 7.47 


a 2 = 


-0.2183(0.0099) 


4 


3.34 


0.00 7.47 


a 2 = 


-0.2062(0.0222) 






2.99 4.93 


ai = 


2.6006(0.0447) 






2.59 5.05 


ai = 


2.6699(0.0886) 






3.73 4.59 


a = 


5.8272(0.0419) 






3.34 4.62 


a = 


5.8286(0.0726) 






4.66 4.26 










4.10 4.21 






5 


4.85 


0.00 7.47 
3.73 4.59 
4.66 4.26 
6.17 3.72 


Cl2 = 

ai = 
a = 


-0.1461(0.0213) 
2.2933(0.1288) 
5.8336(0.1704) 













Table 1 Distance to the galactic plane (z* in kpc) and 
the logarithmic space density (D*) data for two absolute 
magnitude intervals for the field #0952+5245 (I = 83.°38, 
b = 48.°55). 





(5,6] 


(6,7] 


ID 


z* 


D* 


z* 


D* 


1 


0.00 


7A7 


0.00 


7.47 


2 


0.86 


6.47 


0.61 


6.62 


3 


1.48 


5.90 


1.10 


6.08 


4 


2.25 


5.36 


1.86 


5.50 


5 


2.99 


4.93 


2.59 


5.05 


6 


3.73 


4.59 


3.34 


4.62 


7 


4.66 


4.26 


4.10 


4.21 


8 


6.17 


3.72 







Table 2 Distance to the galactic plane (z* in kpc) and 
logarithmic space density, D* — log D+10, per unit absolute 
magnitude interval for stars with 5 < M g < 10 for the field 



i, b = 


-48°.38). 




ID 


z* 


D* 


1 


0.00 


7.52 


2 


0.41 


6.90 


3 


0.63 


6.62 


4 


0.93 


6.24 


5 


1.30 


5.91 


6 


1.68 


5.62 


7 


2.06 


5.42 


8 


2.60 


5.10 


9 


3.36 


4.71 


10 


4.66 


4.29 


11 


6.46 


3.81 


12 


8.28 


3.37 


13 


10.21 


3.11 
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Table 4 Distance-to the galactic plane- dependant a< (i=0, 1, 2) parameters for different samples of absolute magnitude 
interval (5,10] for the field SA 114. 



Sample No < z* > 


~* n* 
z u 






Sample No < z* > 


z 


n* 






1 


0.99 


a A A T CO 

O.UU Y.oz 


a-2 = 


— {J.0\)6\)([j.{)b22 ) 


5 


2.87 


A AA 
U.UU 


Y.oz 


«2 = 


a oonc/n aoao\ 
— U.zoy5(L).UoUz ) 






n ^ 1 c aa 

0.41 6.90 


a\ = 


3.7701(0.0928) 






1 no 

1.68 


5.62 


«i = 


O AI/^A/A 1 /iAO\ 

2.9160(0.1492) 






0.63 6.62 


a = 


5.7082(0.0344) 






2.06 


5.42 


a = 


5.7740(0.1725) 






0.93 6.24 










2.60 


5.10 










1.30 5.91 










3.36 


4.71 










1.68 5.62 










4.66 


4.29 






2 


1.32 


0.00 7.52 


a 2 = 


-0.6832(0.0342) 


6 


3.83 


0.00 


7.52 


a 2 = 


-0.2012(0.0252) 






0.63 6.62 


ax = 


3.7569(0.0742) 






2.06 


5.42 


«i = 


2.5807(0.1739) 






0.93 6.24 


a = 


5.7072(0.0354) 






2.60 


5.10 


a a = 


5.8300(0.2685) 






1.30 5.91 










3.36 


4.71 










1.68 5.62 










4.66 


4.29 










2.06 5.42 










6.46 


3.81 






3 


1.71 


0.00 7.52 


a 2 = 


-0.5462(0.0633) 


7 


5.07 


0.00 


7.52 


a 2 = 


-0.1428(0.0249) 






0.93 6.24 


ai = 


3.5190(0.1720) 






2.60 


5.10 


ai = 


2.2799(0.2196) 






1.30 5.91 


a = 


5.7495(0.1085) 






3.36 


4.71 


a = 


5.9073(0.4266) 






1.68 5.62 










4.66 


4.29 










2.06 5.42 










6.46 


3.81 










2.60 5.10 










8.28 


3.37 






4 


2.20 


0.00 7.52 


a-2 = 


-0.3891(0.0536) 


8 


6.59 


0.00 


7.52 


(12 = 


-0.1082(0.0176) 






1.30 5.91 


«i = 


3.1897(0.1889) 






3.36 


4.71 


ax = 


2.0541(0.1901) 






1.68 5.62 


a = 


5.7616(0.1586) 






4.66 


4.29 


a a = 


5.9122(0.4583) 






2.06 5.42 










6.46 


3.81 










2.60 5.10 










8.28 


3.37 










3.36 4.71 










10.21 3.11 
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4.1 Estimation of the parameters for the absolute 
magnitude interval (5,6] 

We separated the eight (z*, D*~) couples for the abso- 
lute magnitude interval (5,6] in Table 1 into five sam- 
pies, i.e. (1,2,3,4); (1,3,4,5); (1,4,5,6); (1,5,6,7) and 
(1,6,7,8), each of which involves the couple (0,7.47) and 
estimated the ai (z=0,l,2) parameters in Eq. (10) by 
the least square method (Table 3). Since ao corresponds 
to the local space density of the stars with absolute 
magnitude (5,6], its value must be constant. Hence, 
we re-produced it for each sample and we found that 
the numerical value of the parameter ao is the same for 
each sample and equals to the Hipparcos' local space 
density for the absolute magnitude interval (5,6]. This 
result confirms suitability of our procedure we followed 
for the estimation of the a* parameters. 

However, the trends of a\ and 02 are different than 
ao and from each other. For instance, a\ decreases with 
increasing z* to the galactic plane, whereas 02 increases 
in the same direction. This result also confirms the 
argument that the scaleheight of a population can not 
be adopted as a constant, bu t it should be (distance 
to galactic plane) dependent (Karaali 2006). If a-i is 
omitted in Eq. (10), the reciprocal of a\ corresponds 
to scaleheight in Eq. (8) and increases with distance to 
galactic plane. 

4.2 Estimation of the parameters for the absolute 
magnitude interval (6,7] 

The seven (z* , D*) couples for the absolute magni- 
tude interval (6,7] in Table 1 were separated into four 
samples and the corresponding aj (i=0,l,2) parame- 
ters were estimated by the same procedure as was done 
and explained for the absolute magnitude interval (5,6]. 
Also, these results are given in Table 3. There, ao 
is found to be constant and equal the Hipparcos local 
space density, for the same absolute magnitude interval 
(6,7], ao = 7.47. On the other hand, the trends of ai 
and a2 are the same as the corresponding ones for the 
absolute magnitude interval (5,6]. 

4.3 Estimation of the parameters for stars with 
absolute magnitudes (5, 10] 

The number of (z*, D*) couples in Table 2 are 13 in to- 
tal and more than in Table 1. We used this advantage 
to increase the sample numbers and the couple num- 
bers in each sample. Thus, we separated the (z*, D*) 
couples into eight samples, i.e. (1, 2, 3, 4, 5, 6); (1, 3, 
4, 5, 6, 7); (1, 4, 5, 6, 7, 8); (1, 5, 6, 7, 8, 9); (1, 6, 7, 
8, 9, 10); (1, 7, 8, 9, 10, 11); (1, 8, 9, 10, 11, 12) and 
(1, 9, 10, 11, 12, 13), each of which involves the couple 



(0,7.52) and estimated the a^ (i=0,l,2) parameters in 
Eq. (10) by the procedure explained in section 4.1. The 
results are given in Table 4. 

Although the trends of a^ and a\ are the same as 
the trends of a2 and a\ for the data given in the 
previous sections, the value of ao is not constant, 
but it corresponds to a local space density within a 
range 7.43 < D*(0) < 7.52. The lower values corre- 
spond to the local space densities of brighter stars in 
the Hipparcos' catalogue. That is, the estimated lo- 
cal space density deviates from the mean local space 
density (< D* > = 7.52) of stars with (5,10] as one 
goes to large vertical distances. This discrepancy is 



eters varies with distance ( 


Bilir et al. 2006; Ak et al. 


2007; 


Cab 


rera-Lavers et al. 20071 Karaali et al. 2007: 


Bilir et al. 


20081). 



5 Testing the unified density law 

We tested the unified density law by the (z* , D*) data 
for the absolute magnitude intervals (5,6], (6,7] and 
(5,10] for the ELAIS field making use of the following 
procedure. A mean < z* > distance were attributed to 
each sample in Table 3 and Table 4. Then, ai (i=0,l,2) 
parameters were evaluated for the given z* distance 
by interpolation/extrapolation of the corresponding ai 
(z=0,l,2) in Table 3 and Table 4. Finally, the space den- 
sities were evaluated according to Eq. (10). The results 
are presented in Table 5, Table 6 and Table7, for the 
absolute magnitude intervals (5,6], (6,7] and (5,10], re- 
spectively. For clarification, we state that the numbers 
in the sixth column are the sample numbers in Table 3 
or Table 4, the z* distances in seventh column are the 
corresponding mean z* distances for these samples, a, 
(i=0,l,2) are the interpolated/extrapolated parameters 
for the z* on the same line, D* is the original logarith- 
mic sp ace density taken from lBilir. Karaali &: Gilmorel 
\200a hereafter, BKG), and D* v is the logarithmic 
space density evaluated by the interpolated/ extrap- 
olated ai («=0,1,2) parameters. The AD* offsets of the 
evaluated logarithmic space densities from the original 
ones in the last columns in three tables mentioned above 
are rather small, confirming that the procedure could 
be applied efficiently. 

We reproduced the D* logarithmic space densities 
for the z* distances given in Tables 5-7, for stars 
with absolute magnitudes (5, 61, (6,7] and (5,10], mak- 
ing use of the cal ibrations of IPhleps et all (|2000h and 
Juric et al.l (|2008l ). and we compared the AD* offsets 
of the evaluated logarithmic space densities from the 
original ones with the corresponding offsets obtained 
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by means of the unifie d density law . It is i nteresting to 
compare the results of IPhleps et al. I (|2000h with the re- 
sults we obtained. Since they estimated galactic model 
parameters in the vertical direction of the Galaxy, as 
was done in the present s t udy. T he galactic model pa- 
rameters of Phleps et al. ( 2000h are as follows: Nor- 
malized local space densities for thin and thick discs 
ni = 2.725 x 1(T 3 , n 2 = 2.229 x 1(T 4 , scaleheights 
for thin and thick discs H^ =280 pc, i/ 2 = 1267 pc, re- 



spectively. lJuric et al.l (|2008l ) estimated the following 
galactic model parameters both in vertical and longi- 
tudinal directions and they found for normalized local 
space densities n\ = 2.951 x 10~ 3 , n 2 = 3.160 x 10~ 4 , 
n 2 = 1.317 x 10~ 6 , i?i=300pc, ir 2 =900pc, (c/a)=0.64. 
The evaluated logarithmic space densities, D* v , and 
their offsets from the original ones taken from BKG are 
given in Tables 8, 9 and 10. The offsets were plotted in 
Fig. 1 and compared with the ones resulted by using 
the unified density law. One can see that there is a sys- 
tematic deviation in the disp ersions of the o ffsets eval- 
uated via the cal ibrations of Phleps et al. (2000) and 
Juric et al.l (|2008l ). favouring the unified density law. 



Table 6 Space densities evaluated by the unified density 
law for stars with absolute magnitudes (6,7] in the ELAIS 
field. The symbols are as in Table 5. 



z 


D* 


a,2 


ai 


a 


Sample no 


< z" > 


D* v 


Air 


1.24 


5.94 


-0.6095 


3.5710 


5.8258 


1, 2 


1.19 - 


1.85 


5.95 


-0.01 


1.58 


5.63 


-0.5323 


3.4512 


5.8302 


1, 2 


1.19 - 


1.85 


5.68 


-0.05 


1.94 


5.31 


-0.4482 


3.3094 


5.8337 


2, 3 


1.85 - 


2.58 


5.41 


-0.10 


2.45 


5.11 


-0.3360 


3.0448 


5.8331 


2, 3 


1.85 - 


2.58 


5.10 


+0.01 


3.18 


4.73 


-0.2234 


2.7351 


5.8295 


3, 4 


2.58 - 


3.34 


4.67 


+0.06 



Table 7 Space densities evaluated by the unified density 
law for thin disc, thick disc and halo components of the 
Galaxy for stars with absolute magnitudes (5,10] in the 
ELAIS field. The symbols are as in Table 5. 



D" 



hi 



in 



Sample no < z > D* v AD 



0.92 6.20 

1.26 5.86 

1.61 5.55 

1.96 5.35 

2.52 4.95 

3.22 4.59 

4.58 4.03 

6.03 3.56 

8.04 3.15 



0.6961 
0.6851 
-0.5821 
0.4697 
-0.3416 
-0.2573 
■0.1658 
•0.1210 
0.0753 



3.7729 5.7085 

3.7593 5.7074 

3.5813 5.7384 

3.3520 5.7557 

3.0592 5.7675 

2.7936 5.7944 

2.3986 5.8768 

2.1377 5.9104 

1.8395 5.9168 



<0.99 
0.99 - 1.32 



1.32 - 
1.71 - 
2.20 - 
2.87 - 
3.83 - 
5.07 ■ 



1.71 
2.20 
2.87 
3.83 
5.07 
6.59 



>6.59 



6.27 
5.94 
5.66 
5.43 
5.09 
4.73 
4.19 
3.67 
3.12 



-0.07 
-0.08 
-0.11 
-0.08 
-0.14 
-0.14 
-0.16 
-0.11 
0.03 



6 Discussion 



We used a unified density law for the thin disc, thick 
disc and halo to match the observational logarithmic 
space densities evaluated for the fields #0952+5245 
and SA 114 in the vertical direction up to 8 kpc from 
the galactic plane. The exponent of the density law is 
adopted as a quadratic function of the distance from 
the galactic plane. The absolute magnitude dependent 
parameters estimated for a set of distance from the 
galactic plane, were interpolated/extrapolated for three 
given sets of z-distances and applied to the ELAIS field. 
The offsets of the logarithmic space densities evaluated 



Table 5 Space densities evaluated by the unified density 
law for stars with absolute magnitudes (5,6] in the ELAIS 
field. The columns give: (1) z* distance from the galactic 
plane in kpc, (2) the logarithmic space density D* taken 
from BKG, (3), (4) and (5): a,2, oi and ao parameters in- 
terpolated for the z* distance on the same line, (6) no of 
samples used for interpolation of ai (i=l, 2, 3), (7) mean 
z* distances for the samples used for the interpolation, (8) 
evaluated logarithmic space density D* v , and (9) the differ- 
ence between the evaluated logarithmic space density and 
the adopted one from BKG. 



D' 



ao Sample no < z* > D* 



AD' 



1.60 


5.66 


-0.3645 


2.9800 


5.8267 


1, 


2 


1.53 - 


2.24 


5.80 


-0.14 


1.93 


5.51 


-0.3361 


2.9250 


5.8292 


1. 


2 


1.53 - 


2.24 


5.56 


-0.05 


2.46 


5.17 


-0.2934 


2.8290 


5.8302 


2, 


3 


2.24 - 


2.99 


5.22 


-0.05 


3.15 


4.77 


-0.2456 


2.6938 


5.8271 


3, 


4 


2.99 - 


3.79 


4.84 


-0.07 


4.35 


4.17 


-0.1804 


2.4390 


5.8305 


4, 


5 


3.79 - 


4.85 


4.34 


-0.17 


6.15 


3.80 


-0.1461 


2.2930 


5.8336 


5 




4.85 


3.74 


+0.06 



Table 8 Comparison of the original logarithmic space den- 
sities taken from BKG D* and the evaluated ones D*„ by 



means of the Galactic model parameters of Phleps et al.l 
(|2000h (columns 3 and 4) and lJuric et all |200Sh (columns 
5 and 6) for the absolute magnitude interval (5,6]. 



z* 


D* 


D* 


AD* 


D* 


AD* 


1.60 


5.66 


5.87 


-0.21 


5.83 


-0.17 


1.93 


5.51 


5.73 


-0.22 


5.62 


-0.11 


2.46 


5.17 


5.54 


-0.37 


5.33 


-0.16 


3.15 


4.77 


5.31 


-0.54 


4.98 


-0.21 


4.35 


4.17 


4.92 


-0.75 


4.40 


-0.23 


6.15 


3.80 


4.34 


-0.54 


3.60 


+0.20 



Table 9 Comparison of the original logarithmic space den- 
sities taken from BKG (-D*) and the evaluate d ones (D*„) 
by me ans of the galactic mode l parameter s of IPhleps et aid 
(2000) (columns 3 and 4) and I Juric et all l|2008l ) (columns 
5 and 6) for the absolute magnitude interval (6,7]. 



z* 


D* 


D* 


AD* 


D* 


AD* 


1.24 


5.94 


6.08 


-0.14 


6.09 


-0.15 


1.58 


5.63 


5.88 


-0.25 


5.84 


-0.21 


1.94 


5.31 


5.73 


-0.42 


5.62 


-0.31 


2.45 


5.11 


5.54 


-0.43 


5.33 


-0.22 


3.18 


4.73 


5.30 


-0.57 


4.93 


-0.20 
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Table 10 Comparison of the original logarithmic space 
densities taken from BKG (D*) and the evaluated ones 
(Dtv) by m e ans o f the galactic model par ameters of 
IPhleps et aD (|200d ) (columns 3 and 4) and |j uric et al.l 
( 2008) (columns 5 and 6) for the absolute magnitude in- 
terval (5,10]. 



z* 


D* 


D* 


AD* 


D* 


AD* 


0.92 


6.20 


6.32 


-0.12 


6.41 


-0.21 


1.26 


5.86 


6.05 


-0.19 


6.09 


-0.23 


1.61 


5.55 


5.85 


-0.30 


5.83 


-0.28 


1.96 


5.35 


5.70 


-0.35 


5.61 


-0.26 


2.52 


4.95 


5.49 


-0.54 


5.30 


-0.35 


3.22 


4.59 


5.25 


-0.66 


4.94 


-0.35 


4.58 


4.03 


4.78 


-0.75 


4.28 


-0.25 


6.30 


3.56 


4.19 


-0.63 


3.55 


+0.01 


8.04 


3.15 


3.59 


-0.44 


3.02 


+0.13 



-0.5 
-1 

1 

0.5 


-0.5 
-1 

1 

0.5 


-0.5 
-1 



- 1 1 ' 


(a) : 


: , 1 I 1 , 


1 , 1 , 1 , : 



3 4 
z* (kpc) 



(b) : 




2 

z* (kpc) 



_ 1 1 1 1 1 1 


■ 1 ■ 1 , 1 


1 - 
(c) : 


- I 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , : 



by the interpolated/extrapolated parameters from the 
original values are rather small. Whereas the offsets 
corres ponding to the value s of galactic model par ame- 
ters of lPhleps et"aH (|2000h and ljuric etHI (j2008T ) are 
considerable systematic and large, favouring our den- 
sity law. 

The so called "unified density law" does not define 
any population type, up to distances of 8 kpc from the 
galactic plane. Hence, the space density of the Galaxy 
could be matched to a unified density law with three 
parameters. This approach would imply and support 
the argument of existence of a single disc. Hence, the 
thin and thick discs discussed for a long time in the lit- 
erature are not discrete. However, we reiterate that this 
is not our idea. But we confirm ed their arguments (cf. 
Norrisl 1987 ; Ivezic et al.l 120081 ) . A significant fraction 
of m aterial with [Fe/H] < — 1 dex has disclike struc- 
ture (jNorrislll987h . This confirms our argument related 
to the unified density law. 

In the present work, we proposed galactic model pa- 
rameters as a function of dista nce from the g alactic 
plane, as was done in the study of Karaali ( 20061 ). How- 
ever, there is a difference between, what was proposed 
over there and here. Namely, in the former study, scale- 
height and scalclcngth were taken into consideration, 
whereas in the present study, none of these parameters 
are taken into consideration. If we omit the coefficient 
of z 2 , for instance <22, reciprocal of the coefficient of z, 
1/ai corresponds to scaleheight for the total density, 
but not for a specific population. 



7 Conclusion 



Norrisl (1987) proposed a Galaxy model where he did 
not assume thin and thick discs are discrete com- 
ponents. Rather, he assumed that the thin and 
thick discs form a kinematical and chemical contin- 



4 5 5 

z* (kpc) 
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uum. Ilvezic et al.l (|2008l ) confirmed this hypothesis by 
demonstrating the absence of a correlation between the 
observed velocity and metallicity distributions for disc 
stars. The present work, reinforces the same argument, 
making use of different procedure. The density law 
proposed here can match to the observed vertical space 
densities up to several kpc without the need to separate 
the Galactic stars into separate population types. 



Fig. 1 Offsets of the evaluated logarithmic space densities 
(AD*) versus distance from the galactic plane (z*) for the 
absolute magnitude intervals (5,6] (panel a), ( 6,7] (panel b) 
and (5 ,101 (pan el c). Symbols: Th is study f«'). |Phleps et al.l 
(2000) (o), and lJuric etaLI (|2008T ) (A). 
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